ally and laterally projecting axons meet at the midline of the bulb and coalesce into the same glomerulus (Fig-2004) (Figures 1B, 1C, and 1E ). In the accompanying paper (Feinstein and Mombaerts, 2004), we proposed a ure 2H). M71 axons begin to coalesce between postnatal days (PD) 2 and 3 (data not shown), as do M72 axons contextual model for axonal identity of OSNs determined by ORs. Here, we examine the parameters of (Potter et al., 2001 ). Likewise, M71::GFP fluorescence is detected in the coalescing axons at PD 1 and 2, prior to axonal identity using a second series of mutations (Figures 1G-1T) .
and during the formation of glomeruli ( Figures 2I and 2J) . Thus, the presence of the M71 protein in axons, as well as its onset, are consistent with a direct function The OR Protein Is Present in Cilia in axonal identity. and Axons of OSNs The contextual model of axonal identity predicts that the OR protein is present in OSN axons prior to and Sequence Homology and Axonal Identity To determine whether axonal identity correlates with during the formation of glomeruli. Although ORs have been known for eight years as determinants of axon overall sequence homology, we replaced the M71 coding region with that of other 7TM receptors. A mouse guidance (Mombaerts, 1996; Mombaerts et al., 1996) , axonal localization of the OR protein has not been dem-OR, a rat OR, and two non-OR 7TM receptors were tested for their ability to specify glomeruli when exonstrated. We generated three targeted OR mutations to examine the subcellular localization of the OR protein:
pressed from the M71 locus ( Figures 1I-1L 3M″). ␤2AR→M71-LacZ axons innervate these glomeruli Thus, the novel positions specified by the OR replaceexclusively and homogeneously ( Figures 3N and 3NЈ Thus, the broad innervation of glomeruli in GFP→M71-unlike M72 OSNs, it also responded to other mixtures. The amplitudes of calcium responses in ⌬M72 cells are LacZ and GFP→M72-LacZ mice suggests that each neuron that expresses this locus may coexpress another similar to those observed in M72-expressing cells using acetophenone ( Figure 6I ). In addition, six other ⌬M72 OR. The divergent pattern may thus reflect innervation of glomeruli by OSNs coexpressing ORs that can funcneurons exhibited no response to any of the odorants tested ( Figure 6J ), but they could be activated by fortion in axon guidance. We generated a novel type of OR mutation by replactive axons (data not shown) and are surrounded by periglomerular cells ( Figure 7I) . Thus, unlike the deletion ing the M71 coding region with RFP followed by the cassette IRES-M71-IRES-tauGFP ( Figure 1T) . The tricismutations, reducing M71 expression results in the co- In G ␣ olf, ACIII, and CNGA2 knockout mice, the odorant signal transduction pathway is greatly diminished or with GFP. Axons from ⌬M71 and ⌬M72 neurons project diffusely over the dorsal bulb and enter glomeruli. Simiabolished, but these mutations do not block the formation of specific glomeruli (Reed, 2003 
GFP→M72-LacZ Neurons Respond Heterogeneously to Odorants (A, AЈ, B, and BЈ) [GFP→M72-LacZ] ϫ [M72-RFP]. (A and AЈ) Whole-mount fluorescence of bulb: GFP→M72-LacZ axon only (A) and M72-RFP glomerulus innervated by GFP→M72-LacZ axon (AЈ). (B and BЈ) Section through the same bulb as in (A): GFP→M72-LacZ axon (A, arrow) and a second elaboration (arrowhead), together with M72-RFP axons (BЈ). (C-H) Sections through epithelium of [GFP→M72-LacZ] ϫ [M72-RFP] identify green fluorescence (C) and red fluorescence (D) in OSNs that are distinct upon overlay (E), and occasional OSNs (arrows in [F]-[H]) with both green (F) and red fluorescence (G) that upon overlay (H) thus reveal coexpression of both alleles of M72. (I) Calcium imaging traces from M72-GFP neuron #5 (M72) and GFP→M72lacZ neuron #10 (⌬M72). Mixtures A-F contain eight odorants (Bozza et al., 2002). KCl is high K

Figure 7. A Drastic Reduction of M71 Protein Level Causes A Major Shift in Glomerular Position
A comparison of GFP fluorescence in epithelium sections between GFP→M71-LacZ (A) and rI7→M71iGFPiLacZ (B) reveals that GFP after the IRES sequence is translated at a reduced level. Whole-mount visualization of epithelium for P2-GFP crossed with GFP→M71-LacZ (C) or rI7→M71iGFPiLacZ (D). Comparison between dorsally located GFP→M71-LacZ fluorescent neurons (C, arrowhead) and P2-GFP neurons, which express tauGFP from an IRES and reside more ventrally (C, below dashed line), indicates that GFP is expressed at higher levels than in rI7→M71iGFPiLacZ fluorescent neurons (D, arrow) compared to P2-GFP neurons (D, below dashed line). (E) Whole
